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© Internal electrode for multilayer ceramic capacitor. 



© A multilayered ceramic capacitor having internal 
electrodes comprising a substantially single-crystal 
metallic powder as a conductor, the powder having 
been produced by spraying a solution containing at 
least one metal salt to form droplets and heating the 
droplets to a temperature higher than the decompo- 
sition temperature of the metal salt and also higher 



than the melting point of the metal. When the metal 
salt forms an oxide at a temperature not higher than 
the melting point of the metal, the droplets are 
heated to a temperature higher than the decomposi- 
tion temperature of the oxide. The multilayered ca- 
pacitor is free from generation of cracks in ceramic 
material. 
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The present invention relates to a mutti layered 
ceramic capacitor to be used in the electronics 
field. 

A multi layered ceramic capacitor has hereto- 
fore been produced by forming internal electrodes 
each comprising a metallic powder as a conductor 
on ceramic green sheets, laminating the resultant 
sheets and firing the laminated sheets. As the 
conductive powder for the internal electrodes, a 
noble metal, such as palladium (Pd) or silver (Ag), 
nickel (Ni), copper (Cu) or the like is usually used, 
since it is fired at a temperature as high as 1000*C 
or above. However, such a metallic conductive 
powder involves the problem that it undergoes vol- 
ume expansion due to oxidation during firing, there- 
by generating cracks in the ceramic material. As 
described, for example, in Japanese Patent Pub- 
lication No. 936/1981, Pd powder begins oxidation 
and expansion at about 500 *C which is lower than 
the sintering temperature of the ordinary ceramics, 
reaches a maximum oxidation rate at about 600 * C 
and thereafter is rapidly reduced to return to the 
original Pd at 850 *C. In particular, fine Pd powder 
has high oxidation activity and oxidizes almost 
completely to cause an increase in the weight by 
about 15%. Since the ceramic material is poor in 
strength due to insufficient sintering at a tempera- 
ture as low as 600 to 700 *C, the oxidation and 
reduction of the internal electrodes have readily 
caused such structural defects as crack and de- 
lamination. 

The generation of cracks is further accelerated 
by an increase in the number of the multilayered 
ceramic layers, since this increase is accompanied 
by a decrease in the thickness of the ceramic layer 
and an increase in the number of electrodes. 

Various attempts have been made to prevent 
the generation of cracks by the regulation of the 
particle size of metallic powder, oxidation treatment 
or surface treatment of powder, compounding of 
additives, and the like. However, an urgent require- 
ment in recent years for the size reduction and 
capacitance enhancement of capacitors has result- 
ed in decreases in the thickness of the ceramic 
layer and the internal electrode layer and in the 
areas thereof and an increase in the number of 
laminated layers, thus making it difficult to improve 
the above-mentioned defects, especially the cracks 
by the conventional methods. 

The present invention provides a multilayered 
ceramic capacitor having a high capacitance and 
being free from the generation of cracks in the 
ceramic material. 

The present invention relates to: 
(1) a multilayered ceramic capacitor having in- 
ternal electrodes comprising a substantially sin- 
gle-crystal metallic powder as a conductor, the 
powder having been produced by spraying a 



solution containing at least one metal salt to 
form droplets and heating the droplets to a 
temperature higher than the decomposition tem- 
perature of the metal salt and also higher than 
5 the melting point of the metal. 

(2) the capacitor according to item (1) wherein, 
when the metal salt forms an oxide at a tem- 
perature not higher than the melting point of the 
metal, the droplets are heated to a temperature 

10 higher than the decomposition temperature of 
the oxide to give a substantially single-crystal 
metallic powder as the conductor, 

(3) the capacitor according to item (1) or (2) 
wherein the metal salt is a mixture of at least 

is two metal salts and the conductor is one formed 
from an alloy , 

(4) the capacitor according to any of items (i) 
through (3) wherein the metal salt is at least one 
member selected from among palladium, silver, 

20 nickel and copper salts, and 

(5) the capacitor according to any of items (1) 
through (4) wherein the metal salt is at least one 
member selected from among palladium, silver, 
nickel and copper nitrates. 

25 The single figure is a graph showing the rela- 
tion between the volume increase rate and the 
temperature for the example according to the 
present invention and the comparative example, in 
which curve A shows the weight increase in the 

30 example according to the present invention and 
curve B shows the weight increase in the compara- 
tive example. 

The metallic powder to be employed as a 
conductor in the present invention includes Pd, Ag, 

35 Ni and Cu which have heretofore been used as the 
conductive components of the internal electrodes 
for capacitors. The metallic powder as mentioned 
in the present invention is meant to include single 
metal powder, alloy powder and mixtures thereof. 

40 A process for producing the substantially sin- 
gle-crystal powder to be used in the present inven- 
tion is described in Japanese Patent Publication 
No. 31522/1988. The metal salt may be of any kind 
so long as it can deposit the objective metal by 

45 pyrolysis and is exemplified by nitrate, sulfate, 
chloride, ammonium salt, phosphate, carboxylate, 
alcoholate and resinate of each metal in question. 
One or more of these metal salts are dissolved in 
water, an organic solvent such as alcohol, acetone 

so or ether or a mixture of these solvents to form a 
solution of the metal salt or salts. A single metal 
powder is produced from a solution of a single 
metal salt, and an alloy powder can be produced 
from a solution of salts of at least two alloying 

55 metals. A mixed powder may be produced from at 
least two non-alloying metals. A spherical, single- 
crystal metallic powder having a smooth surface 
can be produced by spraying a metal salt solution 
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with an atomizer to form droplets and then heating 
the droplets to a temperature higher than the de- 
composition temperature of the metal salt and also 
higher than the melting point of the metal. When 
the metal salt forms an oxide at a temperature not 5 
higher than the melting point of the metal, the 
droplets are heated to a temperature higher than 
the decomposition temperature of the oxide. 

Detailed investigation was made by the present 
inventors on the oxidation behavior of conductors, w 
especially Pd powder. The Pd powder which has 
heretofore been used as an internal electrode has 
mainly been produced by chemical reduction. Even 
when the Pd powder consists of monodispersed 
fine spherical particles having a particle size of is 
about 1 am, it has an internal structure of poly- 
crystalline particles composed of about 30-nm 
crystallites. In the case of such polycrystailine par- 
ticles, oxygen diffuses inside not onty through the 
particle surface but also through grain boundary at 20 
an extremely high diffusion rate. It is conceivable, 
therefore, thai whan Pd powder is heated during 
firing at a temperature rise rate of 10*C/min, it is 
almost completely oxidized at 800 4 C to expand to 
a great extent, thus generating cracks. Such ox- 25 
idative expansion takes place similarly in conduc- 
tive metals other than Pd. such as Ag, Ni and Cu. 

The powder used in the internal electrode as 
the conductor according to the present invention 
consists of substantially single-crystal particles dif- 30 
ferent from the previous polycrystailine particles. 
Thus, it is characterized in that it is free from grain 
boundary and brings about only bulk diffusion of 
oxygen through the particle surface, thereby mini- 
mizing the expansion due to oxidation. The use of 35 
such single crystal particles in the internal elec- 
trode can reduce the volume expansion of the 
multi layered capacitors during firing, for example, 
about 0.2% at the maximum for Pd in terms of 
linear expansion in the direction of the capacitor 40 
plane. This value is one-third or less of 0.6% which 
is attainable with the conventional capacitor with 
minimized expansion. It is conceivable that the 
reduced expansion suppresses the generation of 
cracks and, even when the ceramic layer is thinned 45 
or highly laminated, the generation of cracks is 
minimized. 

In order to assure favorable conductivity when 
the internal electrode layers are thinned for the 
purpose of reducing the capacitor size, it is neces- so 
sary to use fine metallic powder of 1 urn or small 
in particle size. However, there has been a limit to 
thinning the thin layer of electrodes in the conven- 
tional method, since oxidation is accelerated with a 
decrease in particle size to increase the generation 55 
of cracks, thus making it impossible to employ fine 
powders. In the present invention, however, the 
generation of cracks is minimized even when the 



powder with such a small particle size is employed. 
Accordingly, the use of Pd powder with a particle 
size of 1 urn or larger in the conventional method 
has limited the electrode layer thickness to at least 
1 .5 mg/cm 2 of electrode in terms of coating weight. 
On the other hand, the use of fine powder with a 
particle size of 1 am or smaller, which becomes 
possible by the single-crystal powder according to 
the present invention, can attain favorable con- 
ductivity even with a thin layer of 1 mg/cm 2 or less, 
thus enabling the size reduction of capacitors by 
thinning the electrode layers. 

Now the present invention will be described 
with reference to examples. 

Example 1 

A 1 mol/l aqueous solution of palladium nitrate 
was sprayed into fine droplets, which were intro- 
duced into a furnace heated to 1650 • C and passed 
therethrough after a retention time which is suffi- 
cient to decompose the palladium-containing 
droplets and to heat the resultant Pd particles up to 
a temperature higher than the melting point thereof. 
As the result of observation of the monodispersed 
Pd particles thus formed with an X-ray diffrac- 
tometer and a high-resolution SEM (scanning elec- 
tron microscope), the Pd particles proved to be fine 
particles with 0.5 to 1.0 am particle size substan- 
tially in a state of single crystal. The TG (thermo- 
gravimetry) curve of the powder was determined at 
a temperature rise rate of 10*C/min by the use of 
a thermal analyzer. The result is given as curve A 
in the figure, which indicates a little increase in 
weight with 4.7% at the maximum. 

Then, 100 parts by weight of the powder was 
mixed with 90 parts by weight of a vehicle com- 
prising ethylcellulose. and the mixture was made 
into paste by means of a three-roll mill. The resul- 
tant paste was printed onto a ceramic green sheet 
comprising barium titanate as the primary ingre- 
dient, followed by drying. 60 pieces of the printed 
sheets were laminated and hot-pressed at 60*C 
and 100 kg/cm 2 to provide a green chip of mul- 
ti layered ceramic capacitor, which was subsequent- 
ly fired in the air over a total firing time of 14 hours 
including for 2 hours at a peak temperature of 
1350 'C, to provide a murtilayered ceramic capaci- 
tor. The resultant capacitor was entirely free from 
crack or delamination. 

Example 2 

A green chip of murtilayered ceramic capacitor 
was produced in the same manner as that of Ex- 
ample 1 except that nickel nitrate was employed in 
place of the palladium nitrate. Subsequently, it was 
maintained in the air at 400 • C for 1 hour and, then, 
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fired in an atmosphere of nitrogen gas containing 
trace hydrogen gas over a total firing time of 14 
hours including 2 hours at a peak temperature of 
1350*C, to provide a multilayered ceramic capaci- 
tor containing Ni internal electrodes. The resultant 
capacitor was entirely free from crack or delamina- 
tion. 

Comparative Example 1 

Hydrazine as the reducing agent was added to 
an aqueous solution of palladium salt containing 
palladium chloride as the starting material to pro- 
duce monodispersed Pd particles of 0.5 to 0.6 urn 
particle size. As the result of observation of the 
particles with an X-ray diffractometer and a high- 
resolution SEM, the Pd particles proved to be 
polycrystaJllne particles comprising crystallites to 
about 30 nm in size. The TG curve of the powder 
was determined at a temperature rise rate of 
lO*C/min by the use of a thermal analyzer. The 
result is given as curve 8 in the figure, which 
indicates an extremely great increase in weight 
with 14.6% at the maximum. 

Then, the powder was made into a multilayered 
ceramic capacitor in the same manner as that of 
the Examples. As a result, large cracks were found 
throughout the capacitor, making the capacitor un- 
serviceable. 

. Comparative Example 2 

The powder obtained by reducing nickel ace- 
tate with ethylene glycol was made into a mul- 
tilayered ceramic capacitor in the same manner as 
that of Example 2. As a result, cracks were found 
throughout the capacitor. 

TTie present invention exhibits such an effect 
that a capacitor can be provided with a multi- 
layered structure by the use of a specific conduc- 
tive powder while suppressing the volume expan- 
sion due to oxidation and preventing the generation 
of cracks in the ceramic material. 

Claims 

1. A multilayered ceramic capacitor having inter- 
nal electrodes comprising a substantially sin- 
gle-crystal metallic powder as a conductor, 
said powder having been produced by spray- 
ing a solution containing at least one metal salt 
to form droplets and heating said droplets to a 
temperature higher than the decomposition 
temperature of said metal salt and also higher 
than the melting point of said metal. 



perature not higher than the melting point of 
said metal, the droplets are heated to a tem- 
perature higher than the decomposition tem- 
perature of said oxide to give a substantially 
single-crystal metallic powder as the conduc- 
tor. 

3. A capacitor according to Claim 1 or 2 wherein 
the metal salt is a mixture of at least two metal 
salts and the conductor is one formed from an 
alloy. 

4. A capacitor according to any of Claims 1 
through 3 wherein the metal salt is at least one 
member selected from among palladium, sil- 
ver, nickel and copper salts. 

5. A capacitor according to any of Claims 1 
through 4 wherein the metal salt is at least one 
member selected from among palladium, sil- 
ver, nickel and copper nitrates. 
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2. A capacitor according to Claim 1 wherein, 
when the metal salt forms an oxide at a tern- 
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